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A monopole antenna excited by a coaxial line is studied in detail. The mathematical model of the 
excitation is a magnetic ring current the radius of which may be larger than the radius of the cylinder. 
First a study is made of the waves guided by and radiated from an infinite cylinder. Numerical results 
for the current and the conductance are given. The conductance decreases when the gap width 
increases. . 

The standing-wave antenna is treated with an assumed effective gap at the antenna ends. A 
solution of the antenna problem is found by superimposing the multiply reflected waves. In the solution, | 
the effect of the gap and the antenna end separates. Accurate values for the gap admittance and the 
end admittance are derived from experimental values obtained by Hartig. 


1. Introduction 


The subject of metallic cylindrical antennas has been treated extensively in the past. It 
suffices here to refer to recent treatments and reviews by King (1956) and Duncan and Hinchey 
(1960)..As soon as the assumption of an infinitely thin antenna is abandoned, a great deal of com- 
plexity arises because a finite cylinder cannot be treated in a simple way as a boundary value 
problem in electrodynamics. Even if this were possible there is still the problem of coupling the 
isolated cylinder in a meaningful way to a transmission line. This problem is generally known as 
.the gap problem. Almost all existing theories use a delta-function gap which results in an infinity 
in the susceptance and this infinity is then circumvented in a more or less arbitrary manner (see 
e.g., Duncan, 1962; Hallén 1953, 1962). 

Theories like King-Middleton’s second-order theory that forces the current to be a modifica- 
‘tion of a sinusoidal distribution right into the gap imply a gap of nonzero width. It is often stated 
that values extrapolated from experiments with decreasing values of gap width should be compared 
with zero-width theory. Actually the limit does not exist and we see later that King-Middleton’s. 
second-order theory implies a width of the order of the radius of the antenna. 


Solutions based on iterative solutions to an integral equation, Fourier-series solutions, and direct 
numerical solutions using large computers have their advantages but are difficult to interpret 
physically. When this is the case, the separation of the source problem from the antenna-end 
problem is almost impossible; to foresee what happens is difficult when the antenna is placed in 
another environment such as a dielectric coating. 


The concept adhered to in this paper is that of traveling waves along the cylinder. These waves 
are most easily studied on the infinite cylinder that represents a solvable boundary value problem. 
To take into account the transmission line antenna coupling, the antenna model chosen is a mono- 
pole over a ground plane where the cylindrical antenna is a continuation of the inner conductor 
in the feeding coaxial line. The true source for the radiated field is then an incoming TEM wave 
in the coaxial line. From the opening in the ground plane the energy radiates under the influence 
of the cylinder. First the infinite cylinder with no reflections is treated and its admittance is dis- 
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cussed. The waves along the cylinder are slow and are slightly damped by radiation losses. The 
ends are treated as effective gaps where the effective gap voltage is determined from a semi- 
infinite problem solution (Hallén, 1956) for a thin-walled tube and derived indirectly from experi- 
mental data. The total solution for the admittance is then expressed in terms of a multiple scattering 
between the coaxial line and the end. In this way a simple solution is obtained that separates the 
effect of the end and the gap. A similar solution for the admittance has been obtained in another 
way by Hallén (1953, 1962) for the delta-function gap. Hallén’s solution suffers though from the 
usual ambiguity in susceptance because an infinitely narrow gap is used. 


2. Infinite Antenna 


2.1. Far Field From Magnetic Ring Source 


The physical model adopted for the infinite antenna (fig. la) consists of an infinite, straight, 
and perfectly conducting cylinder excited by a coaxial transmission line in which the inner con- 
ductor has the same radius as the antenna. The ground plane is assumed to be of infinite extent. 
This excitation corresponds quite closely to a practical case and has been used by Hartig (referred 
to by King, 1956) and Altshuler (1961), so the theoretical results can be readily compared with 
experimentally obtained values. 

The opening in the ground plane at the end of the coaxial line can be considered as the antenna 
gap of width w=b—a and mean radius rm=%/2(b+ a). In accordance with the usual theory of 
slot antennas, the fields in the aperture (or gap) can be replaced by a distribution of electric and 
magnetic currents in the aperture, if the gap width is small (w<d), the magnetic currents will 
dominate. Thus we get the mathematical model shown in figure 1b which we shall use for finding 
the far field from the gap. The magnetic ring current density is assumed to be of the form 


K=—2V8(r—r,)8(z), ql) 


where V is the voltage in the gap. 


Ground plane 


FicuRE 1. Models of infinite antenna. 
{a) Physical model is a semiinfinite monopole excited by a coaxial line. (b) Mathe- 
matical model is an infinite rod excited by a magnetic ring current at radius r,. 


Magnetic ring current 


Infinite and Finite Cylindrical Metallic Antenna 


This model of the gap is used only in this section where the far field is found, it is inadequate 
for determining the current near the gap. 
The problem is solved by a Fourier-transform method 


fohe(r, $, b)=[ Goal, 6, 2)e-Mde, @) 


and similarly for the other field-components. A time factor exp (—iwt) is used throughout. 
In the following we concentrate on the Hg component both at the surface of the rod and far 
from the rod. For the transformed quantity {ohg the following expressions are found by a standard 


technique 
Sine =. . Vers HY” (xrs) 
roe BNE BPG)” 8) 
1)* 
r>r: beh =—Varkor Fine [o( xa) Hh (yrs) —J3 cre) HO ya) J, (4) 
where oo= i- 1207 ohms, 
: €o 


bo= 2, free-space wave number, 
x is defined by x?= 2 — h?. 
To find {H4, we need the inverse transform 
foHte=3- | tahse™ah 6) 
$=57 4, ote . 


An asymptotic expression for the magnetic field along the rod (r= a) is found via a branch-cut 
integration with the following result 


Hs = emefi(aiZ), 224, (6) 
[ edt 
f(x) = Ty? 7 
where : | (In 4) +73] (7) 
and /= weet 


It is worth noting that the r, dependence has disappeared in this approximation; this means 
that for the field sufficiently far out along the rod, the radial position of the source is of no impor- 
tance. It is therefore not surprising that (6) is identical with expressions for the current on an infinite 
antenna of the usual idealized model of a thin-walled tube with an infinitesimally narrow circum- 
ferential gap (Hallén, 1948; Vainshtein, 1959a, b; Chen and Keller, 1962; Duncan, 1962; Kunz, 
1963). 
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The total current through the rod is 
4arV 
[=27aHs= Th. etko2fa (2/2) = YupV ete, (8) 
0 
where a wave admittance Y,, has been introduced 


Yeo(2) =< falzié). 9) 


The integral has been evaluated asymptotically by several authors. The most accurate series 
has been given by Kunz (1963) as 


fo 1 nT 1.3118 0.2520 3.9969 
qq tv a7 ee ae ee oe (10) 
% n= (in 2) (In 3) (n =) (n 33) 
¢T tT eT ¢T tT 


If the first two terms in this series are combined to one, we find the correct first-order term for 
a very thin antenna or for z very large 


(11) 


Equation (11) is apparently valid also for small z if 7 is sufficiently small, but it should be used 
with care. If kz is too small (< 0.5) the approximations made are too inaccurate. A plot of the com- 
plex function Y,, is given in figure 2; the results are found by numerical integration of (7) and are 
compared with Kunz’ series, eq (11). 

The current wave on the infinite rod decreases slowly with distance and it is damped by 
radiation losses. The phase velocity is slightly smaller than the free-space velocity 


c 
—~1+ 


is 2(in ae 


forz > ?. 
The slow current wave of which (11) is only the leading term is essentially bound to the cylinder 
over a long distance but is eventually radiated. : 


FIGURE 2. Complex wave admittance as a function of normal- 
+ 2) 


ized distance along the infinite rod, ¢ a ia 
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The radiated far field is found by applying the inverse Fourier transform to (4) and using a 
saddle-point technique, we get 


boHs=—Vf,(@) ae (13) 
where fi(0) = korsi  Jo(x)¥o ee. ae 


and x=koa sin 6, y=kors sin @. 
For small @ or small koa, kor;, we can expand the pesuel and Hankel functions 


V elk 


koa sin Or R (15) 
sin 6 1n o 


bolls ~— 


for x and y <1. 
Again, the radial position of the magnetic ring current does not enter in the equation in this 
approximation. 


2.2. Admittance of Gap-Excited Infinite Antenna 


The preceding sections indicate that insofar as the far field is concerned, the idealized mathe- 
matical model of an impressed voltage over a small gap is sufficient. This is, however, not the way 
antennas are usually excited and the true source for the radiated energy is the TEM wave in the 
feedline, in this case the coaxial line. The radiation influence on the distribution of current and 
voltage on the transmission line is established via the impedance concept. When the impedance 
has been found at a proper plane of reference (chosen here at a distance from the gap equal to an 
integral number of half wavelengths), the antenna can be treated as a circuit element. The admit- 
tance of the infinite antenna excited by a coaxial line has been considered by Papadopoulos (1960), 
who gives some numerical results for a restricted range of parameters; his results disagree with 
those obtained here. Wu (1962, 1963) also presents a solution but no quantitative results since 
an integral equation remains to be solved. The recent results obtained by Otto (1967) are in good 
agreement with those in section 3.2. 


2.2.1. Conductance of Infinite Antenna 


The conductance of the infinite antenna, G,,, is defined by 


16.7 =W, (16) 


where W, is the total power radiated and V is the voltage in the transmission line at a proper plane 
of reference mentioned above. We now make the assumption that V equals the effective V. in the 
gap, Vay, which was used in the preceding sections. It amounts to neglecting higher order modes in 
the transmission line and as the total power radiated is rather insensitive to the size of the gap the 
same is probably true for the conductance. The radiated power can be expressed in terms of the 
magnetic far field 


W,=4% ie - i |Hel?R? sin 6dbd@, | (17) 
2” Jo=0 Je=0 


or from (13) 
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ys 2 
2 


Jo(x) Yo(y) — Joly) Yo(x) 
, HD (x) 


20 
Co= 7 (tors)* | 


6=0 


sin 6d@. (18) 


For a thin antenna, a series expansion of G,, has been given by Hallén (1948) and a numerical 


investigation in the general case by Duncan (1962). For x, y <1, (18) reduces to 


wT 


C _ 2m [z dé 
alee : ka sin OT |?” 
sin 6 | ln ————— 
0 2i 


which for ka small can be integrated to give 


27 (,_2 2,20 
Go = : (1 = arctan (2 In a). 


or if only the leading term is retained 


(19) 


(20) 


(21) 


Numerical values based on (18) are shown in figure 3: As was anticipated G,, is rather insensi- 
tive to variations in r,; as long as kor; is small. For a thick antenna, G is influenced substantially 
by t=1,/a. This means that the conductance of a gap will decrease with increasing gap width 
and more so the thicker the antenna is. 

a 


2.2.2. Susceptance of infinite Antenna 


FicurE 3. Conductance of infinite antenna excited by mag- 
netic ring current at r=1,= Ta. 


The susceptance corresponds to the stored energy in the near field, in this case the stored 
energy in the capacitor formed by the ground plane and the infinite rod. The complete discon- 
tinuity problem must be solved to find the susceptance. This is not done here but an approximation 


to the susceptance can be derived from the static calculation of a similar problem. 


In Whinnery and Jamieson (1944, eq. 8) the exact discontinuity capacitance per unit length 


for a step in a parallel plate transmission line is derived 
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+1 lia? 4, 
Cala == (= a cosh" I~? In i= 2): (22) 


where a is the ratio of the smaller to the larger distance between the plates. For a small gap com- 
pared with radius, the capacitance of the coaxial-line discontinuity is found by multiplying Ca(a) 
by the circumference 27a. The value of a is apparently zero but we can argue that the stored 
energy must be confined approximately within a wavelength from the gap, so a value of a equal 
to (b~a)/d seems reasonable. Thus we end with the following for the susceptance 


4kea de? 
B= wla=——F— In Gee —ay ’ (23) 
where (22) has been expanded for small a. The minus sign stems from our choice of time factor. 
A similar but probably more accurate expression is given in “Waveguide Handbook” (1951, sec. 
4.7a, Parallel-plate guide radiating in half space, E plane) from which we get for the coaxial line 
with infinite center conductor 
4koa de 


Bee =" 7, MarG=ay? 


(24) 
=1.781, e=2.718. 

In section 3.2 precise values for the gap susceptance are derived from experimental data. It 
turns out that even (24) is not a very accurate expression for practical values of b/a. It is wrong 
by a factor varying between 1.5 and 2, but the form of the variation as a function of ka or b—a is 
correct. The effect of a large gap on the field distribution inside the transmission line has been 
calculated by King (1955); a correction for narrow gap has not been made. 

‘ For koa fixed B., goes to infinity as b—a—>0, so the magnitude of the current in the gap is 
very large relative to the current on the rod for the slice-generator which is the usual model for a 
source-excited antenna. For a fixed separation B, tends to zero as koa > 0. A similar problem for 
a center-driven cylindrical antenna has been discussed by Wu and King (1959). 

There still remains an ambiguity in the theory of center-driven antennas with a delta-function 
generator. An infinite correction should be made to get a finite current at the gap and it is a matter 
of choice how this is achieved. Duncan (1962) chooses to extrapolate the slowly varying part of 
the current right into the gap and Hallén (1953) uses the current at a distance from the gap approxi- 

’ mately equal to the radius. 

The only unambiguous way to treat the problem is by considering the antenna and transmission 
line as one unit as is done in the model used here. A measurable quantity is the relative suscep- 
tance, B./Yo, where Yo is the characteristic admittance of the transmission line. The value B,/Yo 
is not singular when the gap width tends to zero; in fact, it is zero. 


3. Finite, Standing-Wave Antenna 


3.1. The End Admittance 

At points not too close to the end, the reflected wave obviously cannot be distinguished from 
a wave originating from a source on the infinite cylinder, and the position of the source must be 
at the end of the cylinder for physical reasons. There is of course no source of energy at the end 
but the introduction of an effective source is convenient both for the mathematical formulation 
and for the physical understanding; the difficulty lies in finding the strength of the effective source 
which must depend on the form of the end. The reasoning resembles to some extent the reasoning 
behind the geometrical theory of diffraction with waves (not rays) emanating from the edge; in our 
case, however, the wavelength is comparable to or much larger than one of the linear dimensions, 
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so the theory is not applicable. In the theory of cylindrical, linear antennas, the end diffraction can 
be considered as a canonical problem corresponding to the half-plane problem in the geometrical 
theory of diffraction. Once it is solved the end diffraction can be treated approximately as a local 
phenomenon giving rise to a reflected wave of known amplitude. 
_ Fortunately this important problem has been solved by Hallén (1956) for a particular type of 
end, the end of a thin-walled tube. We see later how the end problem can be solved experimentally. 
Introducing the concept of gap voltage, V., for the effective source at the end, we can define 
the end-admittance Y, as 


[Z=L 
y= (25) 


where J, is the reflected current wave. As a rough approximation the end admittance should 
equal the gap admittance for the infinite antenna Y,,, at least for the conductance part, because 
G.. is fairly independent of the form of the gap. The susceptance B., was determined by the static 
capacitance around the gap and similarly B. must depend on the actual form of the end. The 
best one can do theoretically at present is to use Hallén’s (1956) results for the tube ending which 
are probably typical for a large class of ends. The value Y- has been plotted by Hallén for a large 
range of values of ka, so Ye can be considered as known. For a very thin tube, Hallén finds 


2a —1 
ale aaa (26) 
In (kal) —i > 


the real part is in good agreement with G,, (21). For other values of z than z= L the reflected wave 
is given by the usual asymptotic expression, (8). By imposing the boundary condition J[=0 at 
z=L, we can find 


—I;(z=L) 
Vary, ’ (27) 


where J; is the incident current wave. 
In the following sections we discuss the effect of the reflected wave on the admittance of the 
antenna. 


3.2. Admittance of Finite Antenna 


As mentioned previously the admittance is only uniquely defined inside the transmission line, 
we must, therefore, evaluate the effect of the reflected wave in the transmission line. The reflected 
wave is partly re-reflected from the ground plane and partly transmitted into the transmission 
line. The magnitude and phase of this transmitted wave determines the impedance or ad- 
mittance of the antenna. The re-reflected wave is again scattered and reflected from the end and 
the process is repeated, but let us first consider the effect of one reflected wave. This reflected wave 
is produced by an effective ring source at z=L 


Ke=—2V.8(r~a)8(z—L) 6. (28) 


Let the electric and magnetic field from this source be denoted by E and He and let the fields 
from an incoming wave in the transmission line be denoted by E, and Ha. The value of EF. and 
H, at the reference plane in the transmission line can be found by means of the reciprocity theorem. 
Following standard derivations (e.g., R. F. Harrington, 1961), 


Infinite and Finite Cylindrical Metallic Antenna 
(Ha X Ee— He X Ex) -ndS = H,-KedV. : 29 
Ss Vv ( ) 


The surface S surrounding the volume V comprises the surface of the ground plane, the inside 
surface of the outer conductor in the transmission line, a transverse plane at z=—n)o/2, where 
the impedance is found, and a semi-infinite sphere. Due to the boundary conditions the only con- 
tribution comes from the transverse plane. The source of the fields E, and H, is assumed to be 
outside S. Introducing the voltage and current 


pore V a : 
E,=— ra (30) 
rln- 
a 
csr YY a 
Ma= Zo, (31) 


The latter is a consequence of the definition of the admittance for the infinite antenna. Equa- 
tions (30) and (31) give 


In=Y.Va. (32) 


The Ee, He fields constitute a wave traveling in the negative z directions, consequently 


_ i (a 
Ae= one? E.=—>— 1. (33) 


The unknown constant C is what we want to determine. Equation (33) gives a contribution 
to the current and voltage 


I=C and V=—-CZ,, (34) 


where Z, is the characteristic impedance of the line 


— 1,8. 
Lo= a In = (35) 
Insertion into (29) yields 
; ikeL 


“(TE Ze¥,) 


where the wave admittance is defined by (9). 

We can now build up the solution from successive reflections. The incoming transmission 
line wave produces a gap voltage V, and a current at the reference plane [4 =VsY..; V4 produces 
an outgoing current wave 


Ti) = Yulz)e*7V a, (37) 
which excites an end-gap voltage V,, found from (27) 


Va=- fet) elk V,, (38) 
e 


615 


616 


J. Bach Andersen 


- which is the source for the first reflected wave 


T= YL —zhe* oY. (39) 


This wave is partially reflected and as a first approximation, the effective sources for the second 
outgoing wave must be the currents in the ground plane and the extra gap voltage —C,Z, produced 
by the incident field. The currents in the ground plane are approximated by the image of V-,, Thus 
we get the following for the second outgoing current wave 


Ti=—Y,,(z)e*e?Z-C, + YiAL + z)etol+ Oy. (40) 


Equation (40) represents only an approximation, but as a first-order correction to the case of vanish- 
ing Z- it should be correct. We can now repeat the steps taken for J' and add up the result for the 
infinite number of reflections at the gap and at the end 


V= Va-ZA(Cy+Cot+C34+ Omer .) 


T=VaYnt+C1+Cot+C3+, (41) 


where 


2 i2k i2kyL : 
Cy AZ &  Ya(2L)e®o ee “is: 


(1+ZcY..)¥e Y. 
The reflections form a geometrical progression and the infinite series can be summed to give 


— 2Y2 (L)ekoh/(1+ ZY 2) 


r=(3 Cx) i: ¥=———_— ale erat (43) 


o. Yort Yel QL ete! — 2Y2(L) Se eth 


where C, has been found from (36) and (38). The admittance of the antenna is then, from (41) 


y= Lo Vet¥' 
Vo1-Z¥" | 
Combining (43) and (44) gives 
ay BYE (Leo 
Y= Ye V+ Y¥u(QLemel (45) 


This is the steady-state solution that does not contain Z,. The fact that Z, cancels out serves as a 
verification of the validity of the calculations. An expression similar to (45) has been derived by 
Hallén (1953, 1962), who did not, however, consider the effect of the transmission line on the 
separate waves because he used the narrow-gap model for the symmetrical antenna. 

Equation (45) is in principle valid for arbitrary lengths but if the evaluation of Y,,(L) is limited . 
to the asymptotic form (fig. 2, eq 8) koL should be somewhat larger than 1, depending on the thick- 
ness. 

Formulas for very thin antennas can easily be derived from (45) 


2r —l 


a te (taal) (ia) —10 
2 


Y,, 
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We have assumed a fixed gap size and very small koa, so B,, can be neglected. 


1 
Yije 
bo |, ib 
1 
{222 
* Go In (koa/i) 
_ 20 —1 4ar 1 
pened <i (46) 
ee In oa: a ( = In (4k0LT, By) 
> folnor e ee eae Ye 
(a). ko 2 0 
C~ 27 ln (koLT) (47) 
So Indy HOt 
2L 2 
Qa kok 
B To . 2 (48) 


Equation (47) indicates that the asymptotic forms skbald not be used for koLT <1 (x < x) 


in which case G is negative. Equation (48) is identical with —2wC, where C is the static capacitance 
of a thin ellipsoid of the same length and diameter (Weber, 1950). 


(b). koL =F (1+ 2n), n=0,1,2,. 


This is close to resonance points. 


Le ee (49) 
koa) fo), _ ka _;= 
In ( 9 ) In m7 +2n y In 2a Pl + 2n)) a 


which for infinitely thin antennas gives 


Z=15 In QzT(1 +2n))— i155 ohms, 
n=0, Z = 36.3 —i23.6 ohms. 
(c). kel = (1 +n), n=0,1,2,... 


This is close to antiresonance points 


mhos. (50) 
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The examples given above serve only as an illustration of the theory; in any practical case 
(45) should be used directly with the various admittances taken from the curves. 

_ In the admittance formula (45), only Yw and G., are known with any precision. Values of B,, and 
Y, are only known in special cases and the accuracy has not been checked experimentally. But 
(45) gives a possibility for finding these quantities because the gap and the end effects are separated. 
The two unknowns Y,, and Y- can be found by measuring Y at two arbitrary lengths; this gives two 
equations with two unknowns that are easily solved. The results of such a calculation are shown’ 
in table 1 and on figures 4 and 5. 

The experimental basis is taken from the very precise measurements by Hartig (King 1956, 


pp. 239-250) and the arbitrary lengths are chosen as kL =F and 7. For Y, the five-term series 
(10) given by Kunz is used. When - is varied for a fixed koa, B., varies rapidly and the other quan- 
tities remain approximately constant. A trend towards smaller values for Gu when = increases can 


be noted in agreement with the results of section 2.2.1. In figures 4 and 5 mean values of G.., Ge, 
and B, are used. We shall now discuss the various components. 

1. Admittance of infinite antenna, Y.. 

The conductance is in very good agreement with theoretical values so this serves as a verifica- 
tion of the results in section 2.2.1. 

The susceptance varies in accordance with (24), but (24) can only be used qualitatively. On 
the same figure theoretical results of Hallén (1953) and Duncan (1962) are shown; these were 


discussed in section 2.2.2 and should be valid for a narrow gap, that is ; unspecified but close to 
one. If the transmission line is a standard antenna cable (Z-= 70 1), 43.9, Duncan’s values are 


too large and Hallén’s values rather accurate in the range 0.01 < koa < 0.1. 
If Hartig’s measurements are compared with King-Middleton’s second-order theory it is seen 


that the latter implies a ratio of “ about 2 (see King, 1956 fig. 38.14). King (1956) stated that the 


difference between theory and experiment for thick antennas can be attributed to the fact that the 
theory is essentially a one-dimensional theory. From the results presented here the second-order 


theory appears to be accurate also for thicknesses as large as koa =0.1 for antennas with 2 ~ 2. 

2. End admittance, Ye. ; 

In this case the comparison of theory and experiment is more difficult because no theory exists 
for the ends with hemispherical caps (Hartig’s experiment) and no experiments exist for tubes 
with thin walls (Hallén’s theory). Figure 5 shows that the conductance is larger for a spherical end 
and the difference is increasing with ka. This indicates that an increasing portion of power is 
radiated from the end which seems reasonable. The susceptance of the rounded end is smaller 
than the susceptance of the sharp-edged end:which is a usual trend. 

To check the accuracy for arbitrary lengths, we plotted (fig. 6) the resistance of the thickest 


1 5 : : 
antenna (koa = 0.1) with 3388 parameter using the mean values of G,, and Ye. The points denote 


Hartig’s experimentally determined values. The accuracy is seen to be quite satisfactory. 


4. Conclusion 


The physics involved in radiation from a cylindrical wire is best understood in terms of the 
guiding and radiation of waves by the infinite cylinder. A thin cylinder guides the energy very 
effectively over a long distance until eventually all the energy is radiated; a thick cylinder is a 
more efficient radiator, the radiation damping with distance being greater. The phase velocity is 
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(9) 2 4 6 é 10 12 1% 


Ficure 4. Admittance of infinite antenna. 


The points are experimentally derived values. For the conductance the theo- 
retical curve is taken from fig. 3. For the susceptance the theoretical curves are 


those of Hallén (1953) and Duncan (1962). 
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Ficure 5. End admittance. 


The experimentally derived values for an end with hemispherical cap are 


compared with theoretical values of Hallén for a thin-walled tube. 


290-910 O-68—7 


16- 10°? 


619 


TABLE 1. Experimental results of Hartig and the values of Y,, and 
Y,. derived from them. 


1.872 - 10-2 45.62 253.8 | 340.4 
43.13 311.3 | 347.1 

42.22 360.7 | 350.7 

45.12 401.3 | 359.5 

44.29 464.7 | 377.3 

2.494 - 10-? 48.21 191.9 | 291.2 
44.78 267.6 | 313.3 

45.08 292.8 | 313.6 

44.36 325.1 | 322.9 

45.54 : 335.0 

5.818 - 10-2 48.56 187.2 
49.39 197.1 

R 205.5 

223.6 

9.99 - 10-2 119.9 
139.0 

165.4 


(Hartig) 


140 


120 


100 


Figure 6. Resistance of a thick antenna (keaa=0.1) vs. 
length with gap size as a parameter. 
The points are experimental values (Hartig) and the curves are theoretical 
curves, eq (45). 
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- slow compared with the velocity of light but varies asymptotically with distance approaching the 
velocity of light. Thus the wire is a nonuniform transmission line and this explains why it is radiating 
even though the wave is slow. The conductance of the infinite monopole over a ground plane has 
been found. 

The standing-wave antenna is treated with an assumed effective source at the end that excites 
the reflected waves. The steady-state solution can then be found by summing up the infinity of 
multiply reflected waves. The coupling between the transmission line and the antenna is treated 
in detail and it is shown how exact values of the gap admittance for the infinite antenna can be 
derived from experimental data. Similarly the end admittance has been derived from experiment 
and compared with theoretical values given by Hallén for a thin-walled tube. In the range of 
parameters covered, very accurate values for the admittance of any monopole can be found. 

The theory applies in principle equally well to dipole antennas fed by a two-wire transmission 
line. However, the symmetry of the excitation is destroyed and higher order waves will be excited; 
the radiation of antisymmetric waves will be treated theoretically and experimentally in a subse- 
quent paper. The gap susceptance will be different but approximate values can be obtained by 
taking one-half the monopole susceptance for a gap of similar width. 


The author is very grateful to E. Dragg Nielsen for having performed the numerical computa- 
tions. The work has been supported by Danish Government Fund for Scientific and Industrial 
Research. 
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